Abstract: This paper examined the effect of the construction of light rail transit stations on surrounding residential property values in Seattle, Washington. It studied sales of homes in the areas around the seven stations that serve primarily residential areas in the Rainier Valley, using a difference-in-differences regression technique to obtain plausibly causal estimates of the effect of new rail service. For these seven stations, the estimated impact of light rail service was positive for only one station and negative for two stations. Estimated impacts for the other stations were small and statistically insignificant. These results suggest that light rail service did not provide value to the neighborhoods in the Rainier Valley of Seattle. I speculate that the transport service provided by light rail was not a significant improvement relative to the bus lines that serviced the area before light rail was built.
Introduction
This paper analyzes the impact of new light rail service on the price of residential property in Seattle, Washington in the United States. Light rail has been popular with local transit agencies in North America. Since 1990, more than 20 cities in the United States have built new light rail lines or expanded existing lines. Planners generally believe that these systems will improve transit access, reduce dependency on automobiles, and that stations will provide a focal point for high density development. However, the systems are very expensive to build and to operate. For example, the construction cost of the system studied here, Seattle's Central Link "starter," was $2.7 billion (Lindblom, 2016) . Furthermore, in the 2014 fiscal year, operating costs for Seattle's light rail exceeded fares by about $45.5 million (Federal Transit Authority, 2016) , and fares covered only about 26 percent of operating costs. Understanding the impact of new light rail service on housing prices is important for at least two reasons. First, it provides market based evidence of whether light rail provides improved transportation access compared to transit systems in place before light rail was built. If residents place value on the new transport option, this value should be capitalized into house prices where that access is available. Another reason to study the impact on property values is that many proponents of rail systems have proposed that new light rail systems might be financed with "value capture" schemes, whereby the tran-sit agency uses the uplift in local land values as a source of revenue (Higgins & Kanaroglou, 2016; Lari et. al., 2009) . If light rail does not increase real estate values, this method for financing will fail.
There is no shortage of studies that estimate the impacts of transit projects on nearby property values. Higgins and Kanaroglou (2016) document 60 separate studies from North America alone, some of which examine multiple locations or outcomes. However, only a small number of these studies provide results that are plausibly causal. For example, the vast majority of the studies documented by Higgins and Kanaroglou are cross-sectional. That is, they look at how housing prices vary at different distances from rail stations at a point in time and interpret these differences to mean that the presence of the station is the source or cause of the differences. However, this ignores the fact that rail stations are not sited randomly, and this approach will likely lead to biased estimates of the impact. For example, if light rail stations are purposely located to serve areas with high numbers of jobs, higher housing values may be due to the easy access to employment in the area, not the rail service. On the other hand, if a rail line is in a blighted area because it is easy to acquire right-of-way there, then the estimated impact of the rail stations that serve the area may be biased downward. Cross sectional studies are likely biased because important characteristics of the station locations are not captured in the variables used in the models.
In response to such concerns, a new thread of research uses quasi-experiments to eliminate these biases. Examples are Pope and Pope (2015) , Figlio and Lucas (2004) , or Black (1999) . Parmeter and Pope (2012) provide a detailed description of quasi-experimental methods as applied to hedonic pricing models of the housing market. One such method relies on difference-in-differences estimators, which are used in this study. Difference-in-differences estimates compare house prices in areas served by light rail before and after initiation of service (the first difference), comparing this change with changes in prices for houses in nearby neighborhoods that are far from light rail stations (the second difference).
History of Seattle's central link light rail
In November 1996, voters in King, Pierce, and Snohomish counties approved sales and excise tax increases that would fund a regional transit plan called "Sound Move." This included plans for a 34 kilometer (21-mile) long light rail transit line that would connect the University District of Seattle to SeaTac Airport, originally estimated to cost $1.7 billion. Over the following eight years, the plan faced many legal and financial challenges. In late 2001, the board of Sound Transit (the transit agency that built and operates the light rail line) approved a shorter 22.5-kilometer (14-mile) line that would connect downtown Seattle to SeaTac. The estimated cost of this shorter line, dubbed "Central Link" was $2.1 billion (Pryne, 2001) . The agency began to purchase property for the right-of-way in mid-2002 and construction was scheduled to being in summer of 2002, but it was still not certain that all the funding necessary for would become available (Pryne, 2002) . Construction actually began in November 2003, after the final funding approval was received (Sound Transit, no date). Up to that date, it was uncertain if the light rail line would actually be built. The light rail system began operation between Westlake Station in downtown Seattle and Tukwila/ International Boulevard Station in February 2009, with a bus bridge to SeaTac Airport. Direct rail service to the airport commenced in December 2009. Final construction cost of the line was $2.7 billion. Further expansion of the system from Westlake Station to the University of Washington was completed in 2016 at an additional cost of $1.8 billion (Linbdblom, 2016) . The trip from SeaTac to downtown Seattle currently (2017) takes about 35 minutes and the fare is $3.00. The effect of light rail transit service on nearby property values This analysis focuses on the original 22.5-kilometer segment, which includes 13 stations. Figure 1 shows a map of the system. The six stations between SODO and Westlake are not located in residential neighborhoods-there are few, if any, single family homes within walking distance of these stations. Therefore, this study analyzes housing prices in neighborhoods of the seven southernmost stations of the line-from Beacon Hill to SeaTac Airport.
In these areas, the light rail line runs primarily along surface streets. However, between Mt. Baker and SODO stations the line runs through a tunnel. At Beacon Hill, elevators take riders to the underground station where they can board the train. In that sense, Beacon Hill is different from other stations, as trains do not operate on the surface in the area.
This analysis focuses on two dates from which to estimate the differences-in-differences: 2009, when the line actually opened, and 2004 (actually, late 2003) when financing of the system was finalized and construction began, at which point it became clear that the system would be built. These two dates represent different ideas about how people might perceive the benefits of light rail. If consumers are sufficiently forward-looking, they will recognize that in the future locations near light rail stations will provide better transportation services, and that consumers who value these services will be willing to pay higher prices for homes in those locations. The expectation of higher prices in the future will potentially lead consumers to offer higher bids today. 
Data
The data on which this paper is based comes from the King County Department of Assessments.
1 The department provides a number of downloadable files that include characteristics of all real estate parcels in King County, as well as a sales history for each of these parcels. The study sample consists of single family residential parcels that sold between January 1, 1992, and March 31, 2016. Parcels with multiple buildings, sales that included multiple parcels, as well as sales that may have involved duress, such as bankruptcies have been excluded, as well. Many of the recorded transactions in the assessor's data set are not actually full-interest sales of the property. These transactions represent gifts, transfers, trades, grants or sales of easements, corrections, and so forth. These are excluded from the sample. A small number of houses whose sale price was less than $50,000 were also removed from the sample, as these prices seem too low to represent true market transactions. However, this exclusion has no noticeable impact on the results.
The location of each parcel and the light rail stations was identified using Geographic Information System data from the King County GIS Data Center.
2 Using GIS software, the parcels were mapped and those parcels that are within 800 meters (0.5 mile) and those within 3200 meters (2 miles) of a light rail station were identified. A house is defined to be in the "neighborhood" if it is within 3200 meters of the station unless it is closer to another light rail station. A house is defined to be in the catchment area of a rail station if it is within an 800-meter radius of the station, unless it is closer to another station. (Straight-line distances are used to delineate these areas, not actual walking distances.) The 800-meter distance is generally accepted as defining the catchment area of a transit station, as it about the distance that someone can walk in 10 minutes.
3 The 3200-meter radius that I use to define a neighborhood is somewhat more arbitrary. The objective is to identify a comparison group of houses that are similar to those in the catchment area of a station in terms of the neighborhood characteristics, distance from the city center, and so forth, but are far enough away from the station that travel on the light rail network would require more than a walk to the station. Figure 2 shows the neighborhood and rail catchment area for the Beacon Hill and Mount Baker stations. Parcels that appear in darker color are those included in the analysis sample-that is, they are single-family residential parcels that sold between 1992 and 2016. The effect of light rail transit service on nearby property values To account for housing price inflation, the sale price of each house is adjusted using the CaseSchiller price index for the Seattle metro area. 4 Thus, the analysis explains changes in the real relative price-that is, the price of houses in station neighborhoods relative to houses that sold in the same period in all parts of Seattle metro area. I have also explored estimating a hedonic price index, and the results obtained are very similar. However, using the Case-Schiller index simplifies the analysis while providing a well-understood benchmark. Table 1 presents summary statistics for the neighborhoods that are analyzed in this paper. Houses in most of these neighborhoods are generally comparable in terms of sale prices, size, and number of bathrooms. However, homes in the neighborhood around the Mount Baker stations sell for significantly more than those in other neighborhoods, and they are larger. Generally, houses near stations that are further from downtown Seattle are newer, have larger lots, and are less expensive.
Around 20 percent of sales took place after the opening of the light rail line, as indicated by the variable, "After." The mean of the variable "Close" indicates the fraction of houses in the neighborhood that are within the 800-meter catchment basin of the corresponding rail station. In the Mt. Baker and Beacon Hill neighborhoods, a large fraction of houses (roughly half) is close to the station. On the other hand, in the SeaTac and Tukwila areas, only around 5 percent and 10 percent of houses in the neighborhoods fall within the respective catchment areas. This difference has important implications for the analysis. One common approach in this type of analysis is to compare all the "close" houses to all the "distant" houses, combining all stations. In the Seattle case, the comparison would be disproportionately between the "close" houses in the Beacon Hill and Mt. Baker neighborhoods with the "distant" houses in the Tukwila and Sea Tac neighborhoods. A comparison of the houses between those two groups is likely to provide a biased estimate of the effect of light rail on housing prices. Thus, I adopt the approach of analyzing each neighborhood separately. This approach is also consistent with the idea that the value of a new transit option in a neighborhood is likely based on the location of that neighborhood relative to employment and commercial centers, existing commuting routes and patterns that naturally differ across neighborhoods, as well as the characteristics of the individuals who choose to live there.
The hedonic pricing model and difference-in-differences estimation
The hedonic approach is based on an economic theory developed by Rosen (1974) . The basic idea, as applied to housing markets, is that housing prices in a neighborhood reflect a general equilibrium in the supply and demand of housing services. In the hedonic model, each of the characteristics of a house provides some benefit, and thus each of these components has a price. Some of these characteristics represent elements of the house itself, such as the size, age, or style of the house. Others represent locational characteristics, such as pleasant views, good neighborhood schools, or convenient access to downtown labor markets. To the extent that a new light rail line provides faster or more comfortable connections to areas of the city that residents want to visit, this should be reflected in housing prices. Those who most value the transit services provided by light rail will be willing to bid more for houses that are close to light rail stations. On the other hand, a rail line may also detract from housing values by creating noise, local traffic, or increasing neighborhood crime. In Seattle, light rail replaces or supplements bus services that were already available in these neighborhoods. It is possible that light rail service is inferior to existing bus services, as explained in Richmond (2001) , who discusses how reconfiguring the transit system around a rail line may impose costs on riders. The vast majority of the work that studies the impact of transit services on housing prices relies on the standard hedonic framework. Most of the work utilizes cross-sectional comparisons, which are likely to lead to bias because of the omission of important variables. The concern in the Seattle case focuses on the characteristics of the station neighborhoods. To the extent that the locations of the stations are different in ways that cannot be measured with available data on housing characteristics, simple cross-sectional comparison of prices will suffer from omitted variable bias. For example, the ability to economically acquire right-of-way for the rail line dictated its exact location. Were the areas thus chosen for stations less desirable that other locations in the neighborhoods that the line serves?
One way to deal with the problem of omitted variables is to use a quasi-experimental approach, such as difference-in-differences estimation. In this case, difference-in-differences compares the changes in housing prices in the areas close to stations (within the catchment area) with other houses in the same neighborhoods that are further away. This is analogous to an experiment-it compares how initiation of rail service affects the price of houses that are well-served by rail (the "experimental group") with houses in the same neighborhoods that are not well-served (the "control group"). This implicitly controls for unobserved characteristics, since the analysis focusses only on changes in the relative prices. In this paper, the analysis follows closely the methods in Pope and Pope (2015) which are discussed in detail in Parmeter and Pope (2012) .
I implement the above ideas in a simple regression model that describes the logarithm of the real relative sale price, as follows:
ln(pi * )= α 0 +α 1 Close i +α 2 After i +α 3 Close×After i +β ' X i +ε i
Where pi * represents the real relative price of the house that sold in transaction i. Close is an indi-cator that the house involved in the transaction is within 800 meters of the rail station; After indicates that the sale took place after the commencement of rail service; Close×After indicates "close" houses that sold after commencement of rail service. Thus, α 3 is the "difference-in-differences" estimator-the effect of light rail on housing prices. X represents a vector of other hedonic characteristics that allow us to take account of the fact that houses close to stations might differ in some important characteristics from other houses in the neighborhood. Essentially, this model permits estimation of the effect of light rail by comparing houses that are otherwise identical. Because the dependent variable is the logarithm of price, the coefficients can be interpreted as proportional changes. Thus, α 1 is the average proportional difference in price between houses that are close to the station and others in the neighborhood during the period before light rail. For example, the estimate (in Table 2 , below) of α 1 for the Beacon Hill station is 0.038, meaning that houses that are close to the Beacon Hill station sold for about 3.8 percent more than other houses in the neighborhood, before light rail was available.
5
Estimates On the one hand, forward looking property owners may realize that rail service will arrive at some future date, and will take that into account when buying or selling a property, even though the service is not yet available. Furthermore, during the construction period, construction activities may create nuisances that temporarily affect the salability of houses in affected areas. Those nuisances would likely be most concentrated near stations. In this case, the proper comparison is between dates after December 2009 (initiation of service) and before 2004 (when it became clear that the planned system would actually be built). On the other hand, potential owners may not be aware pf the benefits that the rail service provides until they actually experience it. In that case that the relevant comparison is between times when the service is not available (before February 2009), and when it is available (after December 2009).
To simplify the analysis, I use year-end dates to delineate the periods. For the early date, I consider houses that sold before January 2004, even though construction began in November 2003. For the latter date, I consider houses that sold before January 2009, even though service was initiated in February 2009.
In the analyses that follow, reported standard errors are based on heteroscedasticity-robust estimators with clustering to account for the fact that many houses in the sample are sold more than once. (About 38 percent of the broadest sample sold once, 34 percent exactly twice, and 28 percent sold more than twice.) Clustering accounts for the lack of independence between the repeat sales of the same house. Table 2 presents estimates of the latter comparison. That is, it compares sales that took place after December 2009 relative to those that took place before January 2009. This table reports an estimate of the proximate effect of light rail service without considering the possible forward-looking responses to the announcement of the system by buyers and sellers. The hedonic variables included are: number of bathrooms, size of the house and its square (in square feet), age of the house and its square (in years), acreage of lot and its square, size of garage (in square feet), if the garage is detached, whether the lot is located on a waterfront, and whether the lot has outstanding views.
The coefficient on Close indicates the relative value of parcels close to stations before 2009. Thus, except for the Beacon Hill catchment area, houses close to light rail stations sold at a discount compared houses further away. In some cases, these estimated differences are large and statistically significant. For example, in the Mt. Baker neighborhood, houses close the eventual location of the rail station sold for 13 percent less than houses further away, on average.
The coefficient on After indicates the relative growth rate of houses in the analysis neighborhoods, compared to houses in the Seattle metro area generally. (Recall that the dependent variable is the logarithm of the sale price of a house deflated by the metro-wide Case-Schiller price index.) These estimates indicate that relative to prices in all of Seattle, housing prices have increased more rapidly in the analysis neighborhoods that are closer to downtown Seattle-Othello, Columbia City, Mt. Baker, and Beacon Hill. Generally, the increase has been larger for neighborhoods that are closer to downtown. For neighborhoods that are most distant from downtown, the relative prices have fallen.
The crucial coefficient for the analysis is the interaction variable-Close×After. This shows how housing prices changed with the opening of the rail system, compared to the changes of prices for houses in the same neighborhood that are more distant from the stations. For all but one of the neighborhoods, the estimate of the effect of light rail is negative. For Sea Tac and Othello, these changes are also statistically significantly different from zero. However, for the Columbia City neighborhood, the estimated impact of the initiation of rail service is positive, quite large, and statistically significant. Table 3 reports estimates using the earlier date window, comparing sales before January 2004 with those that took place after December 2009. The estimates from this analysis are very similar, both qualitatively and quantitatively, to the previous analysis reported in Table 2 . In this case, the sample sizes are somewhat smaller, since the analysis excludes sales that took place between January 2004 and December Results are qualitatively very similar. Thus, the results to not appear to be sensitive to the particular definitions of "before" and "after." Notes: * p<0.05; ** p<0.01; *** p<0.001
Residual analysis
An important underlying assumption for the analysis is that light rail stations are not sited in areas for which there may have been preexisting trends in housing prices. Although I do not expect this to be the case, it is possible to examine the question graphically. To do this, I estimate for each of the neighborhoods a hedonic price regression model but leave out the indicators for the timing of the light rail, and the location of the house relative to the rail station. Thus, the residuals from these regressions "contain" the effects that are emphasized in the analysis. I then average these residuals for each year, separately for the "close" houses and the "not close" houses. These results are presented in the different panels of Figure 4 . In each figure the dashed line represents houses that are within the ½-mile radius of the station, while the solid line represents the average residual for houses that are within 2 miles but more than 0.5 mile from the station. Generally, the two lines are roughly parallel. For example, for the Beacon Hill neighborhood, the dashed line is slightly above the solid line, indicating that houses near the eventual location of the station carried a small premium relative to other houses in the neighborhood. After the opening of the light rail station, this premium has disappeared, but the two lines continue to track very closely. The upward trend in both lines, apparent in the top four figures, indicates that the price of houses in these neighborhoods has generally increased more rapidly than the average house in the Seattle metro area. For houses near the Othello station, the two lines dramatically diverge after the opening of the light rail. On the other hand, for Columbia City, the rather large discount that was present in the 1990s and the 2000s for houses close to the eventual location of the rail station disappears after the opening of light rail.
These figures basically show graphically what the regression estimates report. However, they also show that the existing trends of housing prices in both the "close" and "far" parts of these neighborhoods generally tracked each other quite closely until 2009. Thus, they lend credence to a causal interpretation of the difference-in-differences estimators.
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Housing composition effects
In this study, I interpret the difference-in-differences estimates to represent changes in homebuyers' willingness to pay for rail transit service. However, it is possible that there is also a housing supply response. That is, the composition of the housing around stations may change in response to the availability of light rail service. For example, the presence of rail service might lead to denser housing, or different types of housing that appeal to homebuyers of different income groups. Such a compositional change would, at least, muddy the interpretation that observed price changes reflect consumers' willingness to pay for new transit services. I address this question with two analyses. First, I re-estimate the difference-in-differences regression models but restrict the sample to housing that was built before 2004. Thus, the new sample consists of the housing stock that existed before it was known that light rail would be built in these neighborhoods. The composition of this sample could not have been affected light rail.
The results based on this pre-rail sample are presented in Appendix Tables 1 and 2, corresponding  to Tables 2 and 3 , above. The estimates of the crucial coefficients are almost identical for all the station neighborhoods, except for Columbia City. For Columbia City, the coefficients fall by more than half-from 10.2 percent (in Table 2 ) to 4.6 percent (in Appendix Table 1 ). (The estimated effect is still statistically significantly different from zero.) This analysis supports the interpretation that the original estimated effects represent legitimate differences in willingness to pay, although the results for Columbia City should be considered with some suspicion.
The second analysis examines directly the composition of housing. In this analysis, I estimate a set of regression models where the dependent variable is some housing characteristic, and the independent variables are the proximity, timing, and interaction indicators. The results are reported in Table 4 for the samples that correspond to the pre-2009/post-2009 comparison. Panel A shows the results for the size of the house (in square feet). Again, the crucial variable is the close/after interaction. For all stations, the difference-in-differences estimates are not statistically significantly different from zero, although the point estimates are moderately large for Beacon Hill and SeaTac neighborhoods. Panel B reports the estimates for lot size. In this case, the experimental effects estimates are small and not statistically significant for most of the stations. However, for Beacon Hill the estimate is positive and significant, and for Columbia City and Othello, it is negative and significant. The differences range from about 1/60th of an acre to about 1/100th of an acre, but in these neighborhoods the lots are typically quite small-around one-eighth of an acre for the Columbia City sample.
Panel C reports estimates for age. Again, the estimates for Beacon Hill are positive and statistically significant and for Columbia City and Othello they are negative and significant. Thus, the houses that are selling near Columbia City and Othello are disproportionately newer suggesting a relative influx of new housing around the Columbia City and Othello stations. The positive age effect for Beacon Hill suggests a relative influx of new housing in parts of the neighborhood that are not close to the stationthat the catchment area for the rail station is more stagnant with respect to new construction.
Panel D shows estimates for the number of bathrooms. The only statistically significant experimental effect is for Columbia City, and it is rather large at about .22.
Taken together, these estimates indicate that there have been rather significant changes in the composition of housing near the Columbia City station. It is possible that at least some of the large positive estimated impact of rail access in this neighborhood is due to significant changes in the composition of the housing stock in that neighborhood. For most of the other stations, it appears that there has been little or no difference between the catchment areas and more distant parts of the neighborhood in terms of the composition of the housing stock. Clearly, some caution is warranted in the interpretation of the results for the Columbia City station.
Discussion
Although many studies report beneficial impacts of light rail on property values, the mostly null (or negative) findings of this study are not unique. For example, Kim and Lahr (2014) study the impact of the Hudson-Bergen light rail line in Northern New Jersey using a repeat sales method that is similar to the differences-in-differences method used here. They find different effects for different stations, arguing that those neighborhoods that experienced the largest housing price appreciation were in areas that experienced much improved transit service. Housing near stations that were already well-served by public transit options experienced little or no benefit. Chatman, Tulach, and Kim (2012) find neutral to negative impact on housing prices of the River Line in the New Jersey suburbs of Philadelphia using a repeat-sales method. Also, using a model of longitudinal changes in housing prices, Papon, NguyenLuong, and Boucq (2015) found no beneficial impact of a new light rail line in Paris. Many of the crosssectional studies discussed by Higgins and Konaroglu (2016) also find negative proximity impacts of rail transit stations, but as explained earlier, it is difficult to interpret these results as causal as there may be reasons for light rail stations to be built in areas with depressed housing values. Taking the estimates of the present study at face value, it suggests that the transportation benefit of the new light rail line in Seattle is small, or that non-transportation externalities, such as noise and higher auto congestion near stations, outweigh the benefits. While the public perception of light rail is that it is superior to systems based on buses, this is not necessarily the case, as Richmond (2005) argues in his analysis of the development of Los Angeles' light rail network. In particular, redesigning the bus transportation network to accommodate the fixed route of a rail line may significantly reduce the utility of public transit for many users (Richmond, 2001) .
There are limitations to using this study as a basis for evaluating the total benefit of the new light rail service in Seattle. The study makes no attempt to estimate the benefits to users that do not live in the residential neighborhoods of the Rainier Valley. Due to limitations in the data, this study is unable to evaluate the impact of light rail service on apartment dwellers. Commercial properties in downtown ar-eas may also have benefited from the siting of light rail stations. Nor does this study address the benefits that may accrue to visitors to Seattle who use the rail line as a convenient way to access the downtown from the Sea Tac Airport. Furthermore, this analysis is based on the particular case of Seattle. Light rail lines in other cities may have higher or lower value. Each system needs to be considered on the basis of the characteristics of the system itself and those who use it.
Conclusions
This study examines the effect of new light rail service in Seattle on housing prices in the neighborhoods that it serves using a quasi-experimental technique, difference-in-differences regression. For the most part, it is reasonable to interpret these results as causal. There is little evidence that people who live in the neighborhoods surrounding light rail stations value the services that light rail provides on net. Except for the Columbia City neighborhood, the estimates indicate that houses that are most convenient to the light rail stations sell at a discount compared to what they would have sold for in the absence of light rail, although these differences are not statistically significant for four of the seven neighborhoods examined here. While these results are specific to the city of Seattle and the light rail system that was constructed there, they call into question some of the optimism with which urban planners have embraced rail transit as a way to shape urban land use. In particular, these results indicate that transit financing systems that depend on a positive impact on land values from rail service may not be viable in typical United States cities.
